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© A semiconductor integrated circuit comprising a protective device. 



© A semiconductor integrated circuit including a 
PNPN device that can have a high holding current 
without the penalty of a high gate current. 
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The present invention relates to a semiconduc- 
tor integrated circuit which is especially suited to 
protecting electrical transmission systems from 
transient high voltages, for example, transient vol- 
tages caused by lightning. 

A thyristor, that is, a PNPN device with a gate 
terminal, can be used to protect an electrical trans- 
mission system from transient voltages. A thyristor 
connected in shunt with a signal line of a telephone 
system, for example, has a low-current high-imped- 
ance state during normal conditions and switches 
to a high-current low impedance state should the 
conditions change to cause the line voltage to go 
below the gate voltage of the device, the thyristor 
being so connected that its outer P-type region is 
positive with respect to its outer N-type region and 
its gate electrode is not positive relative to its outer 
N-type region. 

A thyristor connected in shunt with a signal line 
recovers to its low-current high impedance state 
following the occurrence of a voltage on the signal 
line causing its conduction because the thyristor 
requires a current above a set level to keep it in its 
low impedance state after it has been switched on. 
That current is the holding current for the thyristor 
and must exceed the current which can be ob- 
tained through the signal line, in order that the 
thyristor returns to its high-impedance state follow- 
ing the occurrence of a transient voltage which 
switches it on. 

A thyristor can be designed to have a high 
holding current, but such a thyristor requires a high 
gate current and, in a system protected by the 
device, the high gate current which the device 
draws can charge the system capacitance to a 
voltage high enough to provide a voltage damaging 
to many components. 

A first aspect of the present invention is that it 
provides a semiconductor integrated circuit includ- 
ing a PNPN device and a junction bipolar transistor 
having a current gain of at least 10 and base- 
collector and base-emitter junctions with reverse 
breakdown voltages of at least 50 volts, means 
connecting the collector region of the bipolar tran- 
sistor to that outer region of the PNPN device 
which is of the opposite conductivity type to the 
collector region of the bipolar transistor, means 
connecting the emitter region of the bipolar transis- 
tor to that inner region of the PNPN device which is 
of the opposite conductivity type to the emitter 
region of the bipolar transistor, means connected to 
the base region of the bipolar transistor forming a 
control terminal for the integrated circuit, and 
means connected to the respective outer regions of 
the PNPN device forming an input and an output 
terminal for the integrated circuit. 

The present invention provides a semiconduc- 
tor integrated circuit which can have a high holding 
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current without the penalty of a high gate current. 

A second aspect of the present invention is 
that it provides a semiconductor integrated circuit 
including a first plurality of doped regions forming 

5 a PNPN device, a second plurality of doped re- 
gions forming a junction bipolar transistor, a further 
doped region of the same conductivity type as the 
collector region of the bipolar transistor and more 
heavily doped than that region separating the first 

w plurality of doped regions from the second plurality 
of doped regions, means connecting the collector 
region of the bipolar transistor to that outer region 
of the PNPN device which is of the opposite con- 
ductivity type to the collector region of the bipolar 

75 transistor, means connecting the emitter region of 
the bipolar transistor to that inner region of the 
PNPN device which is of the opposite conductivity 
type to the emitter region of the bipolar transistor, 
means connected to the base region of the bipolar 

20 transistor forming a control terminal for the in- 
tegrated circuit, and means connected to the re- 
spective outer regions of the PNPN device forming 
an input and an ouput terminal for the integrated 
circuit. 

25 The present invention provides, also, a semi- 

conductor integrated circuit including a PNPN de- 
vice and a bipolar transistor in which a further 
doped region of the same conductivity type as the 
transistor collector region and more heavily doped 

30 than the collector region prevents the devices af- 
fecting each other. 

Preferably, in a semiconductor integrated cir- 
cuit including first and second pluralities of doped 
regions forming, respectively, a PNPN device and 

35 junction bipolar transistor, the junction bipolar tran- 
sistor has a current gain of at least 10 and base- 
collector and base-emitter junctions with reverse 
breakdown voltages of at least 50 volts. 

Preferably, the current gain of the bipolar tran- 

40 sistor lies within the range 10 to 150, in either of 
the semiconductor integrated circuits. 

Preferably, the current gain of the bipolar tran- 
sistor lies within the range 80 to 120, in either of 
the semiconductor integrated circuits. 

45 Preferably, the bipolar transistor has a base- 

emitter junction with a reverse breakdown voltage 
in the range 50 to 120 volts, in either of the 
semiconductor integrated circuits. 

Preferably, the bipolar transistor has a base- 
so emitter junction with a reverse breakdown voltage 
in the range 80 to 100 volts, in either of the 
semiconductor integrated circuits. 

Preferably, the bipolar transistor has base-emit- 
ter and base-collector junctions with breakdown 

55 voltages substantially equal to each other, in either 
of the semiconductor integrated circuits. 

Preferably, the base region of the bipolar tran- 
sistor has a depth several times that of its emitter 

2 
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region in either of the semiconductor integrated 
circuits. 

Preferably, the base region of the bipolar tran- 
sistor has a depth of the order of ten times that of 
its emitter region, in either of the semiconductor 5 
integrated circuits. 

Preferably, the base region of the bipolar tran- 
sistor has an impurity concentration of between 1 .5 
and 2.5 times that of its collector region, in either 
of the semiconductor integrated circuits. w 

Preferably, the bipolar transistor includes a ring 
of semiconductor material, of the same conductivity 
type as its base region and more heavily doped 
than the base region, extending down into the 
collector region from a surface common to the ;s 
base, collector and emitter regions, in either of the 
semiconductor integrated circuits. 

Preferably, both semiconductor integrated cir- 
cuits include a PN junction diode having its P-type 
region contiguous with the inner P-type region of 20 
the PNPN device, its N-type region contiguous with 
the inner N-type region of the PNPN device, 
means connecting the N-type region of the PNPN 
device with the P-type region of the PN diode, and 
means connecting the P-type region of the PNPN 25 
device with the N-type region of the diode. 

Preferably, the N-type region of the PN junc- 
tion diode includes a main N-type bulk and an 
additional N-type body of higher impurity concen- 
tration than the main N-type bulk, and the main N- 30 
type bulk is thinner than the inner N-type region of 
the PNPN device. 

Preferably, the inner P-type region of the 
PNPN device includes a plurality of projections 
which penetrate the outer N-type region of the 35 
PNPN device, in either of the semiconductor in- 
tegrated circuits. 

Preferably, the inner N-type region of the 
PNPN device includes a main N-type bulk and at 
least one additional N-type body of higher impurity 40 
concentration than the main N-type bulk, and the or 
each additional N-type body is adjacent to the 
outer P-type region of the PNPN device, in either 
of the semiconductor integrated circuits. 

The present invention provides, also, a com- 45 
pound semiconductor integrated circuit including 
two semiconductor integrated circuits, as defined 
above, fabricated in a semiconductor block wherein 
the outer P-type regions of the PNPN device are 
connected together, a plurality of semiconductor so 
integrated circuits, as defined above, housed in a 
package and a plurality of compound semiconduc- 
tor integrated circuits, as defined above, housed in 
a package. 

A semiconductor integrated circuit in accor- 55 
dance with both aspects of the invention will now 
be described by way of example only with refer- 
ence to the accompanying drawings, in which: 



Fig. 1 is a circuit diagram of the semiconductor 
integrated circuit, 

Fig. 2 shows a perspective view of a transverse 
cross-section of the semiconductor integrated 
circuit, and 

Fig. 3 is a circuit diagram of a compound semi- 
conductor integrated circuit connected to tele- 
phone lines. 
Referring to Fig. 1 of the accompanying draw- 
ings, the semiconductor integrated circuit includes 
an NPN transistor 1 the collector electrode of which 
is connected to the anode electrode of a PNPN 
device 2. The emitter electrode of the NPN transis- 
tor 1 is connected to the gate electrode of the 
PNPN device 2. The cathode electrode of the 
PNPN device 2 is connected to the anode elec- 
trode of a diode 3 and the anode electrode of the 
PNPN device 2 is connected to the cathode elec- 
trode of the diode 3. The anode and cathode 
electrodes of the PNPN device 2 are the main 
terminals of the integrated circuit, and the base 
electrode of the NPN transistor 1 is the control 
terminal of the integrated circuit. 

The NPN transitor 1 has an emitter-base re- 
verse breakdown voltage of around 100 volts and 
has a current gain (h, e ) of around 100. The NPN 
transistor 1 has a planar structure and the higher 
than normal emitter-base reverse breakdown volt- 
age is provided by a structure having a base region 
with a relatively low doping level compared with a 
conventional planar transistor. For example, where- 
as the base region of a conventional planar bipolar 
transistor has a doping level of the order of 10 ,s to 
10 19 atoms/cm 3 , the base region of the NPN tran- 
sistor I has a doping level of between I.1x10 ,b and 
2.2x1 0 lb atoms/cm 11 . The emitter and collector re- 
gions of the NPN transistor 1 have doping levels of 
the order of 10 21 atoms/cm 3 and 10 1S atoms/cm 3 , 
respectively, which are average levels for a con- 
ventional planar bipolar transistor. The doping lev- 
els are those at the surfaces of the devices. The 
base-collector junction of the NPN transistor 1 also 
has a reverse breakdown voltage of around 100 
volts. 

Referring to Fig. 2 of the accompanying draw- 
ings, the NPN bipolar planar transistor of the in- 
tegrated circuit device is formed in a rectangular 
semiconductor block and includes an N-type col- 
lector body 10, a P-type base body 11, an N-type 
emitter body 12, and a P + -type ring 13 which lies 
betwen the P-type base body 1 1 and the N-type 
collector body 10 at the common surface of the 
collector, base and emitter bodies of the NPN 
bipolar planar transistor. The depth of the N-type 
emitter body 12 is of the order of 5 microns and 
the depth of the P-type base body 11 is of the 
order of 50 microns, that is, the depth of the base 
body is of the order of 10 times the depth of the N- 
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type emitter body 12. As has been explained 
above, the concentration of the impurity in the P- 
type base body 11 lies between 1.1x10 lS and 
2.2x10 1& atoms/cm 3 . A base impurity level of the 
order of 1.5 X 10'6 atoms/cm 3 provides a base-emit- 
ter reverse breakdown voltage of the order of 100 
volts, whereas a conventional planar transistor with 
a base impurity level of the order of 10 18 
atoms/cm 3 has a base-emitter reverse breakdown 
voltage of the order of 12 volts. The P-type base 
region of this NPN bipolar transistor is some about 
5 times as deep as that of a conventional planar 
transistor and the transistor has a current gain of 
the order of 100. 

The PNPN device is formed in a rectangular 
block of semiconductor material which is separated 
from the NPN bipolar transistor by a heavily doped 
N-type region 40. The PNPN device includes an 
outer P-type anode body 20, an inner N-type body 
21, an inner P-type body 22, and an outer N-type 
cathode body 23. A plurality of projections 24 from 
the P-type cathode body 22 penetrate the N-type 
cathod.e body 23. 

The heavily doped N-type (N + ) region 40 runs 
along the lower (as viewed) surface of the block in 
which the NPN bipolar transistor is formed, in con- 
tact with the collector body 10 of the NPN bipolar 
transistor, and continues upwards (as viewed) to 
the upper surface of the semiconductor integrated 
circuit in contact with the collector body 10 and the 
inner N-type body 21, of the PNPN device. 

A PN junction diode is also formed in a rectan- 
gular block of semiconductor material and that 
block of material is contiguous with the block in 
which the PNPN device is formed. The anode 
electrode of the PN diode is an extension 32 of of 
the P-type body 22 of the PNPN device and the 
cathode electrode of the PN diode is an extension 
31 of the inner N-type region 21 of the PNPN 
device. The PN diode also includes an N + -type 
body 30 which is separated from the P-type exten- 
sion 32 by the N-type extension 31. The N + -type 
body 30 reduces the thickness of the N-type exten- 
sion 31 compared with the region 21. 

The semiconductor integrated circuit includes a 
metallisation layer 60 on its lower surface (as view- 
ed in the figure) which connects together the P- 
type anode body 20 of the PNPN device, the N + - 
type body 30 of the PN diode, and the N + -type 
body 40 which acts, in effect, as a connection to 
the N-type collector body of the NPN transistor. 
The semiconductor integrated circuit also includes 
a metallisation layer 15 on its upper surface (as 
viewed in the figure) which connects the N + -type 
emitter body 12 of the transistor to the inner P-type 
body 22 of the PNPN device. A further metal- 
lisation layer 14 provides a connection to the P- 
type base body of the NPN transistor. 
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The NMype region 40 which separates the N- 
type collector body 10 of the NPN transistor from 
the inner N-type body 21 of the PNPN serves to 
absorb mobile charge carriers from both the N-type 

5 collector body 10 and the inner N-type body 21, 
and, thereby, prevents cross-coupling between 
those two bodies. 

The N f -type body 30 serves to control the 
depth of the N-type body 31. Deepening of the N + - 

w type body 30 results in a PN diode with higher 
switching speed because of the accompanying re- 
duction in the depth of the N-type body 21. 

The projections 24 of the P-type body 22 
which penetrate the N + -type cathode body 23 

;s serve to increase the holding current of the PNPN 
device, since the PNPN device and the PN diode 
have a shared metallisation layer 25 on their com- 
mon upper surface (as viewed in the figure) which, 
in effect, short-circuits some of the junction be- 

20 tween the bodies 22 and 23. Increasing the number 
of projections 24 increases the holding current of 
the device. 

The PN diode included in the semiconductor 
integrated circuit may be omitted, although it is 

25 preferable to include it. 

Referring to Fig. 3 of the accompanying draw- 
ings, the compound semiconductor integrated cir- 
cuit includes two of the integrated circuits shown in 
Figs. 1 and 2. In the compound semiconductor 

30 integrated circuit, a first PNPN device 50, is con- 
nected anode-to-anode with a second PNPN de- 
vice 51, a first PN diode 52 is connected cathode- 
to-cathode with a second PN diode 53, and a first 
NPN transistor 54 is connected collector-to-collec- 

35 tor with a second NPN transistor 55. The collectors 
of the transistors 54 and 55, the cathodes of the 
PN diodes 52 and 53, and the anodes of the PNPN 
devices 50 and 51 are connected together. The 
emitter of the transistor 54 is connected to the gate 

40 of the PNPN device 50 and the emitter of the 
transistor 55 is connected to the gate of the PNPN 
device 51. The cathode of the PNPN device 50 is 
connected to the anode of the PN diode 52 and to 
a first signal line 56 of a telephone system, and the 

45 cathode of the PNPN device 51 is connected to the 
anode of the PN diode 53 and to a second signal 
line 57 of the telephone system. The bases of the 
transistors 54 and 55 are connected together and 
to the negative voltage supply terminal 100 of a 

so subscriber line interface circuit (SLIC) belonging to 
the telephone system. The capacitance of the volt- 
age supply for the system is shown as a capacitor 
58. 

In normal operation, the signal line 56 and 57 
55 are at substantially the same voltage as the nega- 
tive voltage supply terminal of the system, and the 
transistors 54 and 55 are switched off. A negative- 
going transient voltage occurring on the first signal 

4 
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line 56 triggers the PNPN device 50 which switch- 
es to its low-impedance state and connects the first 
signal line 56 to the earth terminal 59 for the 
system, quenching the disturbance. The NPN tran- 
sistor 54 supplies the gate current of the PNPN 
device 50 when it is in its low-impedance state. 
The PNPN device 51 acts to quench negative- 
going transient voltages occurring on the second 
signal line 57. Positive-going transient voltages are 
quenched by the diodes 52 and 53. 

The provision of the transistors 54 and 55 to 
supply the gate currents of the PNPN devices 50 
and 51 serves to limit the current drawn from the 
negative voltage supply terminal 100 of the system 
to the base currents of the transistors 54 and 55. 
Current drawn from the negative voltage supply 
terminal 100 in response to a transient disturbance 
results in the charging of the capacitor 58 nega- 
tively, and the drawing of a current of the order of 
100 mA is likely to result in the voltage change at 
the capacitor 58 being large enough to cause the 
voltage applied to the SLIC to exceed its maximum 
rating. A high holding current PNPN device may be 
expected to have a holding current of the order of 
150 mA and a gate current of the order of 100 mA, 
so the use of a PNPN devices without the transis- 
tors is likely to lead to the destruction of the SLIC 
from charge accumulated by the capacitor 58. 

In normal operation, the collector terminals of 
the transistors 54 and 55 are maintained at zero 
volts and both junctions of the transistors 54 and 
55 are subjected to reverse voltages of about 50 
volts which is the supply voltage. The provision of 
transistors with junctions capable of withstanding at 
least 50 volts ensures that the transistors are not 
damaged and do not need diode protection. 

Referring to Fig. 2, the N f -type region 40 
serves to prevent cross coupling between the NPN 
bipolar transistor and the PNPN device, that is, the 
N + -type region 40 serves to prevent charges from 
one device affecting the operation of the other. 
More specifically, it serves to reduce the chances 
of the semiconductor integrated circuit failing to 
switch off sharply after it has been rendered con- 
ductive by a voltage transient. 

The heavily doped P-type ring 13 serves to 
prevent surface channel currents around the rela- 
tively lightly doped base to body 1 1 of the NPN 
bipolar transistor. 

Claims 

1. A semiconductor integrated circuit including a 
PNPN device and a junction bipolar transistor 
having a current gain of at least 10 and base- 
collector and base-emitter junctions with re- 
verse breakdown voltages of at least 50 volts, 
means connecting the collector region of the 
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bipolar transistor to that outer region of the 
PNPN device which is of the opposite con- 
ductivity type to the collector region of the 
bipolar transistor, means connecting the emit- 

5 ter region of the bipolar transistor to that inner 

region of the PNPN device which is of the 
opposite conductivity type to the emitter region 
of the bipolar transistor, means connected to 
the base region of the bipolar transistor for- 

w ming a control terminal for the integrated cir- 

cuit, and means connected to the respective 
outer regions of the PNPN device forming an 
input and an output terminal for the integrated 
circuit. 

15 

2. A semiconductor integrated circuit including a 
first plurality of doped regions forming a PNPN 
device, a second plurality of doped regions 
forming a junction bipolar transistor, a further 

20 doped region of the same conductivity type as 

the collector region of the bipolar transistor 
and more heavily doped than that region sepa- 
rating the first plurality of doped regions from 
the second plurality of doped regions, means 
25 connecting the collector region of the bipolar 

transistor to that outer region of the PNPN 
device which is of the opposite conductivity 
type to the collector region of the bipolar tran- 
sistor, means connecting the emitter region of 
30 the bipolar transistor to that inner region of the 

PNPN device which is of the opposite con- 
ductivity type to the emitter region of the bi- 
polar transistor, means connected to the base 
region of the bipolar transistor forming a con- 
as trol terminal for the integrated circuit, and. 

means connected to the respective outer re- 
gions of the PNPN device forming an input 
and an output terminal for the integrated cir- 
cuit. 

40 

3. A semiconductor integrated circuit as claimed 
in claim 2, wherein the junction bipolar transis- 
tor has a current gain of at least 10 and base- 
collector and base-emitter junctions with re- 

45 verse breakdown voltages of at least 50 volts. 

4. A semiconductor integrated circuit as claimed 
in any one of cfaims 1 to 3, wherein the 
current gain of the bipolar transistor lies within 

50 the range 1 0 to 1 50. 

5. A semiconductor integrated circuit as claimed 
in any one of claims 1 to 4, wherein the 
current gain of the bipolar transistor lies within 

55 the range 80 to 1 20. 

6. A semiconductor integrated circuit as claimed 
in any one of claims 1 to 5, wherein the bipolar 
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transistor has a base-emitter junction with a 
reverse breakdown voltage in the range 50 to 
120 volts. 

7. A semiconductor integrated circuit as claimed 
in any one of claims 1 to 6, wherein the bipolar 
transistor has a base-emitter junction with a 
reverse breakdown voltage in the range 80 to 
100 volts. 

8. A semiconductor integrated circuit as claimed 
in any one of claims 1 to 7, wherein the bipolar 
transistor has base-emitter and base-collector 
junctions with breakdown voltages substantially 
equal to each other. 

9. A semiconductor integrated circuit as claimed 
in any one of claims 1 to 8, wherein the base 
region of the bipolar transistor has a depth 
several times that of its emitter region. 

10. A semiconductor integrated circuit as claimed 
in claim 9, wherein the base region of the 
bipolar transistor has a depth of the order of 
ten times that of its emitter region. 

11. A semiconductor integrated circuit as claimed 
in any one of claims 1 to 10, wherein the base 
region of the bipolar transistor has an impurity 
concentration of between 1.5 and 2.5 times 
that of its collector region, both limits included. 

12. A semiconductor integrated circuit as claimed 
in any one of claims 1 to 11, wherein the 
bipolar transistor includes a ring of semicon- 
ductor material, of the same conductivity type 
as its base region and more heavily doped 
than the base region, extending down into the 
collector region from a surface common to the 
base, collector and emitter regions. 
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and the main N-type bulk is thinner than the 
inner N-type region of the PNPN device. 

15. A semiconductor integrated circuit as claimed 
in any one of claims 1 to 14, wherein the inner 
P-type region of the PNPN device includes a 
plurality of projections which penetrate the out- 
er N-type region of the PNPN device. 

16. A semiconductor integrated circuit as claimed 
in any one of claims 1 to 1 5, wherein the inner 
N-type region of the PNPN device includes a 
main N-type bulk and at least one additional N- 
type body of higher impurity concentration 
than the main N-type bulk, and the or each 
additional N-type body is adjacent to the outer 
P-type region of the PNPN device. 

17. A compound semiconductor integrated circuit 
including two semiconductor integrated circuits 
as claimed in any one of claims 1 to 16 
fabricated in a semiconductor block, wherein 
the outer P-type regions of the PNPN device 
are connected together. 

18. A plurality of semiconductor integrated circuits 
as claimed in any one of claims 1 to 16 
housed in a package. 

19. A plurality of compound semiconductor inte- 
grated circuits as claimed in claim 17 housed 
in a package. 



40 



13. A semiconductor integrated circuit as claimed 
in any one of claims 1 to 12, including a PN 
junction diode having its P-type region contig- 
uous with the inner P-type region of the PNPN 45 
device, its N-type region contiguous with the 
inner N-type region of the PNPN device, 
means connecting the N-type region of the 
PNPN device with the P-type region of the PN 
diode, and means connecting the P-type re- so 
gion of the PNPN device with the N-type re- 
gion of the diode. 

14. A semiconductor integrated circuit as claimed 

in claim 13, wherein the N-type region of the 55 
PN junction diode includes a main N-type bulk 
and an additional N-type body of higher impu- 
rity concentration than the main N-type bulk, 
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